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General Parameters

• H-
• Energy = 200 MeV
• Current 35 mA
• 500 µs, 7.5 Hz
• Up to 150 µA avg. for BLIP
• Polarized proton 300 µA, 65% Polarization



Linac Layout



Linac History
• Construction started -April, 1967
• First Beam - November, 1970
• Total Facility Cost 22.5 M$ 

Year Rep-Rate Beam Width Current Avg. Current
Hz µs mA µA

1970        10 200 100                200                
1972        10 100    55 44  
1973-75   10                          100 60 60
1976- Switch to 5  Hz Operation
1979 5    220 50-70 55-77
1982 Switch to H- acceleration
1984 5 200 25 25
1984 Add Polarized H- Operation
1986 5 470 25-30 59-71
1989 Switch To RFW Pre-Injector
1990 5            500 25 63
1996 7.5        330(500) 38 95(155)               
2000 Add OPPIS for polarized Proton



Ion-Source

• Magnetron H- (same as FNAL except circular 
aperture instead of slit)

• 80-120 mA, 35 keV extraction (e/H- :0.5 – 1.)
• 700 µs,10 Hz 
• Emittance = 0.375 π mm mrad (rms, nor)
• Runs for 3-6 months continuous, very stable,        

8 Hours to replace and restart
• Used for last 18 years



Ion Source Working



Ion Source



Ion Source Extraction



Current vs Extraction Voltage



Ion Source Output



Ion Source Emittance



Photo of Source



LEBT Layout



LEBT
• 1.4 meters long, 2 solenoids, pulsed (2.5 kG)



Photo of OPPIS LEBT

•



Photo of OPPIS LEBT



RFQ
• Built by LBL;  (1989)
• 35 keV --> 750 keV
• 1.6 meters,146 cells, P=121+35 kW, 

1.48Kp, Vane Voltage 67.2 kV,Q=6644
• Transmission (80-90%) 
• Input and output emittance (0.375 -0.400)
• Runs extremely reliably - no downtime in 

10 years



RFQ Transmission



Photo of RFQ



RFQ



RFQ Current In/Out



MEBT Layout



MEBT

• Performance - measured
– transmission  (80-85%)
– emittance  -0.56π mm mrad, (rms, Nor)

• Bunching - longitudinal matching questions



MEBT (750 keV) Trace 



35 keV Chopper

• 38 cm long, 8 cm gap, 15 plates
• ±800 Volts: 110 mrad kick, rise time 10 ns, 

beam rejected at entrance to RFQ
• Space Charge effects: Need much higher 

Voltage than expected to get good rejection,
• Chopper off:  lose 1/3 beam current due to 

emittance distortion from back ground ions.



Neutralization in LEBT
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Neutralization in LEBT (Trace)
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Neutralization in MEBT
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Neutralization in MEBT (Trace)
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750 keV Chopper

• 1 meter long
• 15 plates, traveling wave
• 4 cm plate separation
• ± 1000 V => 34 mrad Kick (beam deflected 

into slits at 3 meters down stream)



Chopper On/Off
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Bunchers



Linac

• Basically the same as FNAL’s, built in 1970
• Performance - transmission, emittance, 

beam loss, radiation levels/activation
– Stable from year-to-year with respect to 

operating values
– No careful delta-t, etc. - could be better
– Probably misalignments

• Vacuum for linac - Ion pumps/cryos



Linac Current & Emittance
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BNL Linac

• 200 MeV
• 9 Accelerating Cavities
• 475 Meter Long
• 286 Cells (295 Quads)

6 -84 cm/cell
1.3 -40 cm/gap

• Average Field   2.5 MV/m , 5-10 MV/m in gaps
Tank1   56 cells, 10 MeV, 180 keV/gap
Tank9   19 cells, 20 MeV,  1MeV/gap



Linac Parameters



Beam Dynamics

• Ratio of SC term to emit term in BNL linac
• Emitances
• Quad rotation
• MEBT
• Linac
• Blip



Ration of Space Charge to 
Emittance Term in BNL Linac
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Ray Trace Through LEBT



LEBT Emittances



PARMILA RUN



Linac Input Phase Space



Quad Rotation



Quad Rotation (Cont.)



Radiation Along Linac
Radiaiation Tanks 2-9

(beam off 11 days)
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Linac RF System

• Schematic
• Photos
• Comments on new transmission line
• Tube lifetime, costs, etc.

12000 hrs, $20,000
3 Tubes /years



RF Systems
 
                                        Oscillator         
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RF Systems (1)



RF Systems (2)



RF Systems (3)



RF Transfer-Line



Linac Power
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HEBT

• Schematic
• Trace calc to BLIP
• Calc to Booster



Layout of BLIP Beam Line



BLIP Trace Output



BLIP

• Experience with octupoles?



Octupoles (1)



Octupoles (2)



Octupoles (3)



Photos of HEBT area



LTB Trace Output



Diagnostics in the Linac

• Transformers
– where located
– how fast response

• Emittance measurements
• Harps, SEMS
• Fast pickups

– not used much
• Stripline position monitors



Diagnostics in the Linac
Device LEBT MEBT Tanks HEBT LTB BLIP

Trans. 1 3 9 3 3 3

Pol.
Trans.

1 2

FC 1 1

Fast FC 1

Emitance 2

Sems 8 3 3 1

Harps 1 3 2

BPM 6 3 4



Power to Run Linac -2.5 MW  
(7.5 Hz ,140 µA)
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Linac Power



Accumulative Fluence



Average Weekly Fluence



Linac Operation
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Linac Operations (cont.)

Dn Hrs
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Linac Operations (cont.)
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Linac Operation (cont.)
 Source Down Time (hrs)
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Linac Operation (cont.)

LEBT Down Time (Hrs)
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Linac Operation (cont.)

 RF Down Time (Hrs)
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Linac Operation (cont.)

Vacuum Down Time (Hrs)
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Linac Operation (cont.)

Quad +BM Down Time (hrs)
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Linac Operation (cont.)

Mis. Down Time (Hrs)

0

10

20

30

40

50

60

70

80

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00



High Intensity Aspects

• RF tube (4616) failures => lower rep rate 5Hz
• Vacuum failures=>Achromat, Bigger dia beam 

pipe, Aluminum pipe & conflat flange
• Window failures=> Change to Be window from 

aluminum



Operating staff info

• 2 Physicist (Part Time)
• 1 Mechanical Engg. (Part Time) 
• 1 Electrical Engg. (Part Time)
• 6 Tech/Supervisor 
• C-AD support: Controls, Vacuum, ESH, 

Operators
• Run unattended nights & weekends (MCR 

or call-ins)
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